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(54) Vapour phase depQsrtion process 



tB7) Vapour phase deposition of 0.9. stlioa or germanta is effected by irradiating a mixture of oxygen and 
ttie corresponding tetrachloride with light preferably from a COj, laser. The gas includes an Inert molecule 
e.g. sulphur hexafluorlde. which absorbs the radiatron and then transfers kinetic energy to the reactive 
gases and which has a spectral absorption band corrasponding to the wavelength of the radiation 
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SPECIFICATION 

Vapour phase deposition process 

6 This invention relates to vapour deposition 
processes, e.g, for the production of optical 
fibre preforms. 

High purity materials, e.g. oxides for glasses 
and ceramics, are conventionally produced by 

10 vapour deposition processes, A necessary fea- 
ture of many of these processes is tha-t the 
temperature of the vapour be raised to a point 
at which the deposition reaction can occur to 
form the desired material. Conventionally, a 

15 substrate to be provided with a surface coat- 
ing Is pieced in a reactor vessel containing a 
suitable vapour. This assembly fs heated to 
raise the vapour to a temperature at which the 
deposition process takes place, It will be ap- 

20 predated that, in this process, the reactor 
vessel Itself is heated. It has been found that, 
under such conditions, contaminant materials 
can evaporate from the surface of the reactor 
vessel thus limiting the obtainable purity of the 

2B deposited material. For very high purity appli- 
cations, e.g. the manufacture of optical fibre • 
preforms, this contamination can be signifi- 
cant. 

In a typical process used in the production 

30 of optical fibre preforms a surface layer of 
silicon and/or germanfa is deposited on a sub- 
strate preform surface by thermal oxidation of 
the corresponding chlonde(s). In one version 
of this process a glass preform tube com- 

35 prises a reactor vessel, the inner wgfls of 
which provide a substrate surface on which 
deposition is effected. It has been found that 
the heating required to promote the conven- 
tional oxidation pnjcess can cause distortion 

40 of the tube, the phenomenon being known in 
the art as dog-legging. This limits both the 
length of the preform that can be treated and 
the time for which deposition is effected. The 
problem is partfcufariy acute in the production 

45 of germania doped preforms where It Is pre- 
ferred to provide a preform of relatively low 
melting point to faciHtate drawing down Into 
fibre. 

In an attempt to overcome this problem, it 
50 has been proposed to heat the reactant va- 
pour whilst the containing reactor vessel re- 
mains relatively cool. A particularly promising 
technique is the laser initiation of chemical va- 
pour deposition. In this process laser light is 
55 employed to provide the necessary energy to 
fn^ate reaction of the vapour cons tit urjnte to 
effect deposition. If such a process U to be 
commercially viable it is necessary to employ 
an efficient laser. Of the available photon 
60 sources, the carbon dioxide laser is tho most 
attractive for industrial applications. However 
the introduction of laser initiation to the manu- 
facture of optica! fibre preforms has been inhi- 
bited bv the absance^ of tiohr ahflomtinn hv 



The reactanrts commonly employed, e.g. oxy- 
gen«. silicon tetrachloride and germanium tetra- 
chloride, have no absorption bande corre- 
sponding to the light output of a carbon diox^o 

70 tde laser and it has not hereto been possible 
to deliver sufficient optical energy to auch ma- 
terials to fnHiato reaction. 

The object of the present invention Ib to 
minimise or to overcome this disadvantage. 

75 According to the invention there is provided 
a photon Initiated chemical vapour deposition 
process, the process including exposing a re- 
actant gas mixture to photon radiation, and 
incorporating, in said mixture, one or moro 

80 materials having a spectral absorption band 
corresponding to the wavelength of the radla- 
. tion whereby energy Is absorbed from the ra- 
diation and transferred to the reactant gas to 
effect reaction and deposition. 

85 As the active reactants are not required to 
have an absorptron band In the particulariy 
narrow region of the spectrum corresponding 
to the laser output the constraints on the na- 
ture of these reactante are removed. 

90 An embodiment of the invention will now 
be described with reference to the accom** 
panyfng drawing in which the single figure Is a 
schematic diagram of a vapour deposition 
apparatus. 

95 Referring to the drawing, chemical vapour 
deposition Is psrfomfied on a substrate 1 1 
mounted in a reactor vessel 12 having inlet 
and outlet ports, 13 and 14 respectively, for 
reactant gases and exhaust gases* The sub- 

100 strate 1 1 may comprise an optical fibre pre- 
form. Typically the reactant gas comprises ox- 
ygen together with silicon tetrachloride, ger- 
manium tetrachloride or mixtures thereof. In- 
fra-red radiation is directed into ths reactor 12 

105 from a laser 15, e.g. a carbon dioxide laser 
having an output wavelength In the range 9 to 
11 microns, via an Input window 16. Non- 
absorbed radiation is emitted from the reactor 
vessel via an output window 17. 

110 In use^ the reactor vessel is avactisted via a 
pump 18 and Is then filled with a reactant gas 
mixture from a supply 18. The gas mixture 
includes a constituent, typically inert, having a 
spectral absorption band corresponding to the 

115 output spectrum of the laser. For the purpose 
we prefer to employ sulphur hexafluoride or 
silicon tetrachfiuoride. The function of the Inert 
constituent is to catalyse the deposition reac- 
tion by absorbing energy from the laser radla- 

120 tion and transferring this energy to the reac- 
tante by molecular collisions. By this process 
the temperature of the reactant gas adjacent 
the substrate 1 1 is raised sufficiently from the 
deposition reaction to proceed. 

1 2B The inert gas takes no chemical part in the 
reaction but remains unchanged. Thus, this 
material may be removed from the reaction 
products and recycled. 

Aq tHn in Art rtfUb /^/^nfr'ihii+ac trk tka ti^a^ 
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to employ small motectjlBvq with relgtively few 
degrees of freedom, Typical of such mofecules 
are sulphur hexafluoride, silicon tetrafluoride, 
boron trichloride and the lowor fluorlnated hy- 
5 drocarbone. 

In a further modification of the technique the 
substrate may be dispensed with and the re- 
action performed in the gas phase to effect 
powder formation. The power may be col- 
10 tected by fitration or by electrostatic precipita- 
tion. 

Although the technique has been described 
wkh particular reference to optical fibre pre- 
forms, it is not so limited but may of course 

IS be used In other surface deposition or etching 
applications. It will also be appreciated that 
the technique may be used not only for silica 
and/or germania deposition but also for other 
oxides, doped oxide$ ^nd mixed oxides as 

20 well as othfir non-oxide materials. 

CLAIMS 

!► A photon Initiated chemical vapour de- 
position process, the process including expoa- 

25 ing a reactant gas mixture to proton radiation, 
and incorporating, in said mixture, one or 
more materials having a spectral absorption 
band corresponding to the wavelength of the 
radiation whereby energy is absorbed from the 

30 radiation and transferred to the reactant gas 
to effect reaction and deposition. 

2. A process as claimed in claim 1, 
wherein tlie radiation comprises infa-red radia- 
tion in the wavRlcngth region 9 to 1 1 mi- 

35 crons. 

3. A process a$ claimed in ciaim 2, 
wherein the laser is a carbon dioxide laser. 

4. A process as claimed in claim 1, 2 or 
3, wherein the energy absorbing material com- 

40 prises sulphur hexafluoHdc or silicon tetrafluo- 
lide. 

5. A process as claimed in any one of 
claims 1 to 4, wherein the reactant gas com- 
prises oxygen together with silicon tetrachto- 

45 ride, germanium tetrachforidn or mixtures 
thereof, 

6. A vapour deposition process substan- 
tlafly as described herein with reference to the 
accompanying drawings. 

50 7* An optical fibre preform produced via a 
process as claimed in any one of claims 1 to 
6. 

8. An optical fibre drawn from a preform 
as claimed in claim 1, 

Ptkited for Her Mnleeiyft Etftilonorv Of Reft 

by BurgM« & Son ^Ahiripdon) Ud. Dql e99>C8B, 1987. 

rUWJ^»Kl Bt Tim P.ltonl Off icq. 7.5 SOMthampt<M> DUildingg, 

Londnn, WC2A 1 AY, from which noploc may bn obtained. 
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(64) LASER CVP DEVICE 
(57) Abstract: 

PURPOSE: To efficiently form the thin film of a high- 
m9lting^'point material with high adhesive strongth by 
Irradiating a material to be treated by the laser light 
converged on this side of the material, forming the fine 
particles of thehlgh iriGiting-pointmatGriaifrom the raw 
gas by pyrolysis, ancf dopositing the particles. 

CONSTiTUTION: A Substrate 54 is pieced on a sub- 
strate holder 52 In a reaction vessel 50. The substrate 
•54 is inradiated by laser light 66 through an irradiation 
window 62, and the laser light 66 is converged on a 
focus 68 on this side of the substrate 54. The raw gas 
obtained by mtxing gaseous SiH^ and gaseous C^H^ 
is supplied toward the focus 66 through a gaseous 
mixture nozzle 56. The raw gas is pyroiyzed by ttie 
laser light 66 to form fine SIC particles of the high- 



(71 ) Applicant: VICTOR CO OF JAPAN LTD 
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melting-point material. The tbrmed fine SIC particles 
are heated by the out-of-fbcus light, and firmly adhered 
to the surface of the activated substrate 54 to effldently 
form a thin film. 
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